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Highlights

e Extremely high spring 2020 temperatures across Siberia resulted in the lowest June snow extent
across the Eurasian Arctic observed in the 54-year satellite record.

e The record Eurasian minimum spring snow extent occurred despite larger than normal winter
snowpack accumulation through April.

e Long-term changes in Arctic spring snow extent show similar reductions across both North
America and Eurasia. The trend in Arctic peak snow water equivalent differs over North America
(negative trend) and Eurasia (little change), but the combined Arctic peak snow water
equivalent total is decreasing.

Introduction

Snow covers the Arctic land surface (land areas north of 60° N) for up to 9 months each year, and
influences the surface energy budget, ground thermal regime, and freshwater budget of the Arctic
(Brown et al. 2017). Snow also interacts with vegetation, affects biogeochemical activity, and influences
migration and access to forage for wildlife, which impacts terrestrial and aquatic ecosystems (Callaghan
et al. 2011). The assessment provided here is based on an ensemble of datasets derived from satellite
observations and reconstructions of snow cover from snowpack models driven by atmospheric
reanalyses. Collectively, this basis provides a reliable picture of Arctic snow cover variability over the last
five decades.

Snow across the Arctic land surface can be characterized by multiple variables: how much area is
covered by snow (snow cover extent - SCE), how long snow remains on the land surface (snow cover
duration - SCD), and how much water is stored in solid form by the snowpack (a function of the snow
depth and density, commonly expressed as snow water equivalent - SWE). We examine each of these
variables in turn for the 2019/20 Arctic snow season.

Snow cover extent

Snow cover extent (SCE) anomalies (relative to the 1981-2010 climatology) for the Arctic in spring 2020
were computed separately for the North American and Eurasian terrestrial sectors of the Arctic.
Anomalies were derived from the NOAA snow chart climate data record, which extends from 1967 to
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present (Fig. 1). SCE anomalies over the Eurasian Arctic were strongly negative in May (4th lowest).
Additional melt through June associated with a Siberian heat wave (see essay Surface Air Temperature)
resulted in the lowest Eurasian June SCE in the entire 54-year record. North American Arctic spring SCE
anomalies in 2020 were below average in both May and June (8th and 10th lowest, respectively).
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Fig. 1. Monthly snow cover extent (SCE) for Arctic land areas (>60° N) for (a) May and (b) June from 1967 to 2020,
a 54-year record. Anomalies are relative to the average for 1981-2010 and standardized (each observation
differenced from the mean and divided by the standard deviation, and thus unitless). Solid black and red lines
depict 5-year running means for North America and Eurasia, respectively. Filled circles are used to highlight 2020
anomalies. Source: Estilow et al. (2015), Robinson et al. (2012).

Snow cover duration

Snow cover duration (SCD) anomalies across the Arctic region for the 2019/20 snow season (Fig. 2) were
derived from the NOAA daily Interactive Multisensor Snow and Ice Mapping System (IMS) snow cover
product, produced at 24 km resolution since 1998. Anomalies in the total number of days with snow
cover were computed separately for both halves of the snow season: August 2019 to January 2020,
referred to as "onset period," and February 2020 to July 2020, referred to as "melt period." SCD during
the onset period (Fig. 2a) was close to normal over much of the Arctic, with values reflecting a slightly
later start over the eastern Canadian Arctic (Baffin Island and Northern Quebec) and slightly earlier than
normal onset over coastal eastern Siberia and the Scandinavian peninsula. The marked difference
between Arctic and sub-Arctic Europe is linked to a strong positive mode of the East Atlantic (EA)
pattern in atmospheric variability associated with above-average surface temperatures in Europe (see
Fig 2a in essay Surface Air Temperature). SCD during the melt period (Fig. 2b) over the North American
Arctic indicate a combination of late and early melt with more persistent snow occurring in southern
Nunavut and early melt occurring in parts of the northeast (e.g., Baffin Island) and across parts of Alaska
and Yukon Territory. Over Eurasia, later than normal melt occurred over the Scandinavian peninsula,
likely due to larger than normal accumulation (Fig. 3) from an earlier start to the snow season and
above-normal winter precipitation. In marked contrast, and despite the larger than normal
accumulation of snow through April (Fig. 3a), springtime temperatures averaging more than 5 degrees
above normal (see essay Surface Air Temperature) resulted in snow melting up to a month early across
extensive areas of central Siberia.


https://doi.org/10.25923/gcw8-2z06
https://doi.org/10.25923/gcw8-2z06
https://doi.org/10.25923/gcw8-2z06

NOAA Arctic Report Card 2020

Fig. 2. Snow cover duration (SCD in days) anomalies (difference from 1998-2018 mean; red = shorter SCD than
average; blue = longer SCD than average) across the (a) snow onset period (Aug 2019-Jan 2020); and (b) snow melt
period (Feb 2020-Jul 2020). The grey circle marks the latitude 60° N; land north of this defines Arctic land areas
considered in this study. Source: Helfrich et al. (2007), U.S. National Ice Center (2008).
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Fig. 3. Snow depth anomalies (% of the 1999-2018 average) in 2020 for (a) March, (b) April, (c) May, and (d) June.
The grey circle marks the latitude 60° N. Source: Brasnett (1999), Brown and Brasnett (2010).

Snow depth

Snow depth anomalies (Fig. 3) were derived from the Canadian Meteorological Centre (CMC) daily
gridded global snow depth analysis, which combines air temperature and precipitation analyses with the
assimilation of surface snow depth observations. This approach is required to obtain hemispheric
estimates of snow depth because in situ observations alone are too spatially sparse to be
representative. Snow accumulation over the 2019/20 season resulted in above-average March snow
depth across the Arctic. In parts of the North American Arctic, deep snow persisted throughout the
spring (Apr-Jun). Across central Siberia, changes in monthly snow depth from April to June signified
strong melt, which led to the lowest Eurasian Arctic June snow extent in the full observational record,
despite the anomalously deep March snowpack.
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Snow water equivalent

Four products were utilized to generate a multi-dataset SWE anomaly time series (1981-2020) for April
(Fig. 4): (1) The Modern-Era Retrospective Analysis for Research and Applications version 2 (MERRA-2);
(2) a simple temperature index model driven by ERA-interim meteorology described in Brown et al.
(2003); (3) the physical snowpack model, Crocus, also driven by ERA-Interim meteorology (Note: Crocus
data were not included for 2019 or 2020 due to data availability); and (4) the European Space Agency
GlobSnow product derived through a combination of satellite passive microwave data and climate
station observations. The use of multiple SWE products allows for the determination of inter-product
spread through the time series. SWE estimates for April 2020 indicate above-normal snow accumulation
over both the Eurasian and North American Arctic, consistent with deeper-than-normal April snow
depths shown in Fig. 3b.
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Fig. 4. Mean April SWE anomalies for Arctic land areas calculated for North American (black) and Eurasian (red)
sectors of the Arctic. Anomalies are relative to the average for 1981-2010 and standardized (each observation
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differenced from the mean and divided by the standard deviation, and thus unitless). Filled circles are used to
highlight 2020 anomalies. Solid black and red lines depict 5-year running means for North America and Eurasia,
respectively, and the spread among the running means for individual datasets is shown in shading. Sources:
MERRAZ2: Gelaro et al. (2017) and GMAO (2015); temperature index model: Brown et al. (2003); Crocus: Brun et al.
(2013); GlobSnow: Takala et al. (2011), www.globsnow.info/.

Summary and long-term trends

In summary, snow accumulation during the 2019/20 winter was above normal across the entire Arctic.
Nonetheless, extreme springtime temperatures over central Siberia were high enough to result in the
lowest Eurasian June SCE documented across the 54-year satellite record. Anomalies of SCE over North
America were more moderate, though still negative, due to a combination of regions with deeper, more
persistent snow and regions that experienced early melt.

Long-term trends for total Arctic SCE, derived from the data presented in Fig. 1, are negative: -3.7 £ 2.0%
decade™, and -15.5 + 6.1% decade™ for May and June, respectively (1981-2020). These trends are on
the higher end of estimates from a range of sources, as discussed in Mudryk et al. (2017, 2020). The
April trend in Arctic SWE over the 1981-2020 period, calculated from the data presented separately for
each continent in Fig. 4, is -2.6 + 1.8% decade™, representing a decrease of more than 10% over the
entire Arctic since 1981.
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